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Natural hyperbolic two-dimensional systems are fascinating new class of materials that could
open new pathways to manipulate plasmon propagation and light-matter interactions. Here, we
present a comprehensive study of optical response in Td -WTe2 by means of density functional and
many-body perturbation theories. We show how monolayer WTe2 with in-plane anisotropy sustains
hyperbolic plasmon polaritons, which can be tuned via chemical doping and strain. The latter
is able to extend the hyperbolic regime towards near-infrared with low losses. Moreover, with a
moderate strain, WTe2 can even be switched between elliptic and hyperbolic regimes. In addition,
plasmons in WTe2 are characterized with low losses owing to electron-phonon scatterings, which are
responsible for the temperature dependence of plasmon linewidth. Interestingly, temperature can
also be utilized to tune in-plane anisotropy of WTe2 optical response.
PACS numbers:
I. INTRODUCTION
Optical properties of the material are considered hy-
perbolic when two of the principal components of the
dielectric tensor are opposite in sign, i.e., one is metal-
lic, with a negative dielectric constant, and the other di-
electric, with regular transparent properties [1–9]. This
seemingly simple condition results in a plethora of ex-
ceptional optical properties, from low losses and large-
wavevector response to the enhanced photonic density
of states, which are not present in conventional ellipti-
cal materials. Most common forms of hyperbolic mate-
rial present in the literature are artificially engineered,
i.e., the so-called hyperbolic metamaterials (e.g., layered
metal-dielectric structures) [4]. However, the size of their
components and a high degree of interface electron scat-
terings are limiting the corresponding imaging capabili-
ties and resolution.
Hyperbolic materials with natural hyperbolic isofre-
quency surfaces in wavevector phase space were shown,
on the other hand, to be characterized with low losses,
high light confinement, and larger photonic density of
states [10–14]. The prerequisites for the appearance of
natural hyperbolic surfaces are mainly anisotropic ge-
ometry and the peculiar interplay between intraband
and interband electronic transitions. Under these cir-
cumstances the light-matter interaction could give birth
to hyperbolic polaritons (i.e., plasmons, phonons, and
excitons) [12–17] with the aforesaid spectacular prop-
erties. Many layered anisotropic materials, such as
graphite, MgB2, cuprates, electrides, and transition
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metal dichalcogenides (TMDs) [10, 11, 15, 18], are ex-
pected to host these natural hyperbolic polaritons, while
experimentally they were observed only in few of them,
e.g., in MoO3 surfaces [12, 14] and structured hexagonal
boron nitride [13].
Two-dimensional (2D) crystalline materials support-
ing natural hyperbolic plasmon polaritons are consid-
ered even more attractive owing to their highly con-
fined and tunable nature, e.g., with chemical doping,
gating, or strain [15, 19–23]. These promising hyper-
bolic plasmonic surfaces were predicted to exist in 2D
black phosphorous [22, 23], and very recently discovered
in exfoliated Td -WTe2 thin films by means of Fourier
transform-infrared spectroscopy [24]. Moreover, experi-
mental observations reveal low electron scatterings rates
and decrease of anisotropy upon heating in both bulk
and few-layers WTe2 [24–26]. The corresponding theo-
retical studies that could further corroborate and elu-
cidate these findings are, however, still absent. This
semimetallic member of the TMDs family [27] possesses
also some other remarkable features, such as giant and
anisotropic magnetoresistance [28–31], unusual transport
properties [32–34], quantum spin Hall effect [33, 34], and
superconductivity [35, 36]. All these renders WTe2 an ex-
citing new hyperbolic material of particular interest for
planar nanophotonics and optoelectronics.
In this work, anisotropic 2D plasmon and hyperbolic
plasmon dynamic of monolayer WTe2 are studied in the
framework of density functional theory (DFT) and many-
body perturbation theory [37–39]. We show how the hy-
perbolic properties in WTe2 can be efficiently tuned by
applying strain along the a-axis and doping. To this
aim, we have considered doping of 0.1 electrons and 0.1
holes per unit cell as well as ε = −4% compressive and
ε = +4% tensile strains. Such tuning induces modifica-
tions to the band structure of WTe2 by making its elec-
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2trodynamical properties more or less anisotropic. For
instance, we show that for certain energies strain and
doping can induce a crossover between hyperbolic and
elliptic regimes. Furthermore, experimentally-observed
low optical scattering rate and plasmon linewidth, as
well as corresponding temperature dependence [24, 25],
can be explained in terms of small electron-phonon cou-
pling (EPC) present in WTe2. The latter can be further
modulated with strain and doping. Namely, the EPC
strength could be increased by a factor of two when the
compressive strain is applied. Finally, we demonstrate
that anisotropy of plasmon dispersion and hyperbolicity
in WTe2 can be as well tuned with temperature.
II. THEORY AND COMPUTATIONAL
METHODS
The ab-initio calculations are carried out in the frame-
work of the local density approximation of DFT within
the QUANTUM ESPRESSO (QE) package [40], using
pz norm-conserving pseudopotentials with 6s25d4 and
5s25p4 valence electron configurations for W and Te, re-
spectively.
We use a kinetic cutoff energy of 50.0 Ry, and a vacuum
spacing of about 20 A˚ is considered. The convergence cri-
terion for energy is set to 10−5 eV and the atomic posi-
tions are relaxed until the Hellmann-Feynman forces are
less than 10−4 eV/A˚. A set of 24 × 12 × 1 Γ-centered
k-point sampling is used for the primitive unit cell. The
optimized lattice constants are a = 3.671 A˚, b = 6.642 A˚,
and both W and Te atoms occupy 2a Wyckoff positions
corresponding to (0, y, z) and (0.5,−y, z + 0.5) [41]. The
Td phase of monolayer WTe2 [Figs. 1(a) and 1(b)] is more
stable than its H phase, not only on a substrate (in ex-
periments) but also when it is freestanding. Therefore,
we only concentrate on the Td phase of the compound.
A. Theory of optical absorption and
phonon-induced damping
We explore the optical absorption properties of WTe2
by making use of the current-current response tensor cal-
culated within DFT, where the electromagnetic interac-
tion is mediated by the free-photon propagator. To do
so, we pursue the same procedure given in Refs. 37, 42.
First, we consider independent electrons which live in a
local crystal potential obtained by DFT and interact with
the electromagnetic field described by the vector poten-
tial. Then, we solve the Dyson equation for the screened
current-current response tensor in the quasi-2D crystal
of one or few layers Π = Π0 + Π0 ⊗ D0 ⊗ Π, where Π0
and D0 are the non-interacting current-current response
tensor and free-photon propagator, respectively.
The non-interacting current-current response tensor
can be written as
Π0µ(q, ω) =
1
V
∑
k,n,m
~ω
En(k)− Em(k+ q)
×
∣∣∣Jµkn,k+qm∣∣∣2 fn(k)− fm(k+ q)~ω + iη + En(k)− Em(k+ q) , (1)
where Jµkn,k+qm are the current vertices (see Refs. 37, 42
for more details) and En(k) are the Kohn-Sham en-
ergies. Here fn(k) is the Fermi-Dirac distribution at
temperature T , and V is the normalized volume. Fur-
ther, the summation over k wavevectors is carried on a
120×60×1 grid, n index sums over 30 electronic bands,
and polarization directions are µ = x, y, z. Finally,
the optical conductivity can be calculated as σµ(ω) =
−i limq→0 Π0µ(q, ω)/ω, while the optical absorption is
given by A(q, ω) = −4~Im Πµ(q, ω)/ω [37, 38, 42].
To investigate the effects of phonons on the plasmon
dispersion, we use the formalism presented in Refs. 38, 43.
Optical excitations are first convenient to decompose into
the intraband (n = m) and interband (n 6= m) contribu-
tions. The electron-phonon scattering mechanism is then
considered in the intraband channel.
For q ≈ 0, the intraband contribution of current-
current response tensor can be written as the follow-
ing [38, 44]:
Π0µ(ω) =
2
V
ω
ω[1 + λph(ω)] + i/τph(ω)
∑
k,n
∂fnk
∂Enk
|Jµnnk|2.(2)
Here the effects of the EPC are contained in the
temperature-dependent dynamical scattering time and
energy renormalization parameters, i.e., τph(ω) and
λph(ω), respectively. The temperature-dependent dy-
namical scattering time is given by [45, 46]
~/τph(ω) =
pi~
ω
∫
dΩα2F (Ω)
[
2ω coth
Ω
2kBT
−(ω + Ω) coth ω + Ω
2kBT
+ (ω − Ω) coth ω − Ω
2kBT
]
, (3)
where kB is the Boltzmann constant and α
2F (Ω) is the
Eliashberg spectral function [38, 43, 47] and furthermore,
the dynamical energy renormalization parameter λph(ω)
is obtained by performing the Kramers-Kronig transfor-
mation of 1/τph(ω). The phonon properties (i.e., phonon
energies and electron-phonon matrix elements), needed
for calculating α2F (ω) and scattering rate Eq. (3), are ob-
tained by means of density functional perturbation the-
ory [48] as implemented in QE. The α2F (ω) is calculated
on 72×36×1 electron- and 24×12×1 phonon-momentum
grids, respectively.
III. RESULTS AND DISCUSSION
A. Electronic structure of monolayer WTe2
Unlike most TMDs which possess trigonal prismatic or
monoclinic structures [49], WTe2 adopts an orthorhombic
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FIG. 1: (a) Top and (b) side views of monolayer Td -WTe2. W atoms are indicated with blue and Te atoms with green. The
green rectangle marks the primitive unit cell. (c) The electronic band structures with (dashed lines) and without (solid lines)
spin-orbit coupling, and (d) phonon spectrum of monolayer WTe2 along the high symmetry points. The Fermi energy (dotted
line) is set to zero.
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FIG. 2: The electronic band structures of monolayer WTe2
along the high symmetry X-Γ-Y points for (a)-(c) 0.1 elec-
tron/u.c., (d)-(f) undoped and (g)-(i) 0.1 hole/u.c. and for
ε = −4% (upper panels), 0% (middle panels) and +4% (bot-
tom panels) strains. The Fermi energy is set to zero and
indicated by dotted lines.
type-II Weyl semimetallic (Td) phase. The octahedron of
Te atoms in monolayer WTe2 is slightly distorted and the
W atoms are displaced from their ideal octahedral sites,
forming zigzag W-W chains along the x direction as it
is shown in Fig. 1(b). The distinct structural difference
between x and y directions implies anisotropic in-plane
properties.
The electronic band structure of monolayer WTe2
along the high-symmetry points X − Γ − Y − S in the
orthorhombic unit cell is shown in Fig. 1(c). The mono-
layer WTe2 is a semimetal with the valence and conduc-
tion bands overlapped at the center of the hexagonal face
in the Brillouin zone. In particular, there is a small elec-
tron pocket along Γ−X and a small hole pocket around
the Γ point. This results in the characteristic tilted Weyl
cone. Both the electron and hole pockets are correspond-
ing to the zigzag W-W chain along the a axis. The size
of the electron pocket is almost the same as the hole
pocket. The hole pocket originates from 5d orbital of W,
while the electron pocket is formed by an avoided hy-
bridization of a 5d band of W and 5p band of Te [50].
Without spin-orbit coupling (SOC), the two bands cross
at a point along the Γ−X line without any gap opening.
However, in the presence of the SOC, the degeneracy at
the crossing point is lifted, resulting in a small bandgap
of approximately 50 meV. Notice, we have not considered
the SOC in our calculations for plasmon dispersion and
for hyperbolic regimes owing to its small impact on opti-
cal spectra. However, these small changes are important
in studying the temperature dependence of optical ab-
sorption (see below). Moreover, to examine the stability
of undoped WTe2, the phonon dispersion along the high-
symmetry points in the Brillouin zone is calculated and
shown in Fig. 1(d).
We tense and compress the relaxed unit cell along the
x direction in the strain range of ε = 4% for undoped
and doped (i.e., 0.1 hole/u.c. and 0.1 el/u.c. concen-
trations) WTe2. Electron and hole dopings are simu-
lated by adding and removing electrons and introduc-
ing the compensating homogeneous charged background.
The modulations in the band structure of monolayer
WTe2 by applying uniaxial strain along the lattice vec-
4FIG. 3: The plasmon dispersions for (a)-(c) electron-doped (0.1 el/u.c.), (d)-(f) undoped, and (g)-(i) hole-doped (0.1 hole/u.c.)
monolayer WTe2 under ε = −4% compressive (upper panel), 0% (middle panel) and 4% tensile (bottom panel) strains when
light is polarized along the Γ−X and Γ−Y directions. Notice, q is in units of 10−3 bohr−1. (j)-(m) The plasmon peaks for the
chosen small value of the wavevector q ( 2× 10−4 bohr−1) along the Γ−X (upper panels) and Γ−Y (bottom panels) directions
under different applied strains and for different dopings. The anisotropic plasmon energies in undoped WTe2 is shown in (j)-(m)
in comparison with the experiment [24] (black stars).
tor a are displayed in Fig. 2. In the case of compressive
strain, the monolayer WTe2 keeps the semimetallic na-
ture. The size of electron and hole pockets around the
Γ point (i.e., the Fermi surface) increases as the com-
pressive strain is elevated. Under the tensile strain, the
Fermi surface is significantly reduced and WTe2 under-
goes a phase transition from type-II to type-I semimetal.
In other words, tensile strain changes the Weyl cone from
tilted to normal. Besides the Fermi surface changes,
the strain induces remarkable modifications of the inter-
band threshold energy between the conduction and first
valence band along the Γ − Y direction. Namely, the
compressive strain can reduce the interband onset from
∼ 1 eV to below 100 meV, while tensile strain is increas-
ing it above 1 eV. Such modifications of Fermi surface
and interband threshold energy in the Γ − Y direction
alter the anisotropy of optical response in WTe2.
It should be pointed out that the stability of monolayer
WTe2 under different strains and dopings is examined
and checked.
B. Anisotropic plasmon dispersion
We study plasmon dispersion in undoped, electron-
and hole-doped WTe2 under strains of ε = −4% and
+4% along the a axis. The corresponding results are
depicted in Fig. 3. In close agreement with the experi-
ment [24], we obtain that light polarized along the Γ−X
and Γ−Y directions induces two distinctive plasmon dis-
persions, which is the direct consequence of the in-plane
anisotropy of the electronic structure in WTe2. As also
observed in the experiment [24], the intensity of the plas-
mon modes along the a axis turns out to be larger than
along the b axis. Furthermore, the results clearly show
that the plasmon modes can be tuned by means of strain
and doping. By applying compressive strain the plasmon
dispersion is blueshifted, while the tensile strain induces
redshift. The latter behaviour can be directly related
to the size of electron and hole pockets close to the Γ
point, which increases (decreases) with the compressive
(tensile) strain. Indeed, the modifications of the band
structure by strain manifest itself explicitly in the plas-
mon dispersion.
In order to show how strain and doping can effectively
tune the plasmon dispersion in WTe2, the plasmon peaks
for the chosen, small value of wavevector q (2 × 10−4
bohr−1) are plotted in Figs. 3(j)-(m). The results of the
plasmon modes along the Γ−X (Γ−Y) direction as a
function of strain and doping are shown in the upper
(bottom) panels. Figures 3(a), 3(d) and 3(g) demon-
strate how the plasmon dispersion of WTe2 under com-
pressive strain is less sensitive to doping compared to zero
and tensile strains. On the other hand, plasmon disper-
sion under tensile strain shows the largest modifications
due to doping. Furthermore, the undoped WTe2 is most
affected by strain, while the smallest effects are observed
for the electron-doped case [Fig. 3 (b)]. In addition,
we emphasize that our results of anisotropic plasmon
dispersion in undoped WTe2 show a semi-quantitative
agreement with the experiment [24] [see black stars in
Figs. 3(j)-(m)]. The slight deviation might come from
the fact that we simulate plasmons for the freestanding
system, while in the experiment the WTe2 thin films are
deposited on SiO2/Si substrate, which might introduce
additional doping.
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FIG. 4: Imaginary parts of optical conductivity along x axis (black) and y axis (red) for (a)-(c) 0.1 electron/u.c., (d)-(f) undoped,
and (g)-(i) 0.1 hole/u.c., as well as under 4% compressive (upper panels), 0% (middle panels), and 4% tensile (bottom panels)
strains. The hyperbolic regimes are depicted with shaded areas, where Imσx × Imσy < 0. (j) Calculated hyperbolic regimes
of WTe2 illustrated by wide lines. The hyperbolic regimes can be effectively tuned by changing the doping concentration and
strain. For better comparison, the results under compressive, non- and tensile strains are illustrated with green, pink, and blue
colors, respectively.
C. Hyperbolic regimes
We further demonstrate the existence of hyperbolic
and normal (elliptical) regimes for certain spectral
ranges. In terms of in-plane optical conductivity, the
hyperbolic condition for specific photon energy ~ω is de-
fined with
Im [σx(ω)]× Im [σy(ω)] < 0. (4)
To this purpose, we discuss the possibility of tuning the
range of hyperbolic region under strain and doping in
WTe2. Figure 4 displays the imaginary parts of optical
conductivities along two principal axes for different dop-
ings and under ε = ±4% compressive and tensile strains.
The hyperbolic regimes, i.e., where the above condition
is met, are depicted with the shaded area. The undoped
WTe2 single layer shows hyperbolic character in two sep-
arated regions, i.e., one starting at ~ω = 0.18 eV and
going up to ~ω = 0.33 eV, and the other between 1.01 eV
and 1.42 eV. The lower region comes from the anisotropy
of Drude weight (intraband channel), while the higher re-
gion comes the interband transitions at ∼ 1 eV (which is
only allowed for the light polarization along the x direc-
tion). In Ref. 24, the lower hyperbolic regime is reported
to be between 0.053 eV and 0.078 eV, while the higher
regime was not investigated. The WTe2 thin films as ap-
pearing in the experiment might have different (strained)
unit cell parameters a and b as well as excess electron or
hole charge due to the presence of the surface, and this
might cause the differences between theory and experi-
ment. Actually, in the following, we show how strain and
doping can drastically modify the hyperbolic regime.
By applying compressive strain along the x direction
(upper panels of Fig. 4) the energy windows of the two
hyperbolic regimes are significantly extended, where the
large elliptical region ranging from around 0.4 eV to 1 eV
is modified to hyperbolic. Therefore, with a moderate
strain, WTe2 can even be switched between elliptic and
hyperbolic materials. Under the tensile strain, the two
hyperbolic regions present for the undoped case are mod-
ified, however, they are not joined into the single large
energy window as it is the case for the compressive strain.
As mentioned earlier, these dramatic changes in hyper-
bolic regions are due to the Fermi surface and interband
threshold modifications.
In Fig. 4(j) we explicitly show the extent of the hyper-
bolic energy windows for different strains and dopings.
It is evident that WTe2 single layer is hyperbolic over a
broad energy window from far- to near-infrared (0.08 eV
to 1.43 eV). Moreover, we observe that under the ten-
sile strain, the hyperbolic region in undoped, electron-
and hole-doped WTe2 is redshifted, especially the sec-
ond high-energy hyperbolic window (energies lager than
1.0 eV). Indeed, under strain, optical absorption peaks
shift to lower energies [Fig. 3(c), 3(f), and 3(i)], and as
a result, the onset of the hyperbolic region goes down.
Furthermore, the onset of the hyperbolic region can be
tuned by changing the doping concentration, i.e., it is
redshifted (blueshifted) for hole-doped (electron-doped)
case.
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FIG. 5: (a) Calculated temperature dependence of plasmon linewidth due to electron-phonon coupling for pristine and electron-
doped WTe2 single layer. Experimental data are taken from Ref.24. For comparison, plasmon linewidths due to electron-phonon
scatterings are shown for electron-doped graphene (0.1 el/u.c.) when plasmon energy is 100 meV and larger than 200 meV. (b)
Plasmon linewidth as a function of temperature for electron-doped WTe2 under +4% and −4% strains. (c) The ratio between
static conductivities along the x and y directions as a function of temperature. (d) The plasmon energy peaks along the both
in-plane principal directions as a function of temperature (q = 2 × 10−4 bohr−1). (e) Temperature dependence of optical
absorption A(q, ω) for q = 2 × 10−4 bohr−1 of undoped WTe2 along the Γ −X and Γ − Y directions.
We note that the hyperbolic surface in the WTe2 single
layer turns out to be even more sensitive to compressive
strain than in the black phosphorus [23].
D. Electron-phonon coupling and temperature
dependence of plasmon mode
For completeness, we investigate the effect of the EPC
on hyperbolic plasmon polaritons in WTe2 and the cor-
responding temperature effects. The strain- and doping-
induced modifications of electron-phonon interaction are
also discussed.
The EPC constant in undoped unstrained WTe2 sin-
gle layer turns out to be λ = 0.43, and as a result the
phonon-induced plasmon decay rate (plasmon linewidth)
at T = 10 K and for plasmon energies ~ωpl > 100 meV
is ~/τpl = 9.5 meV. These values for λ and ~/τpl are
almost unaltered when tensile strain or electron doping
are applied. Interestingly, when the compressive strain
is applied the EPC strength and plasmon linewidth are
enhanced to λ = 0.70 and ~/τpl = 19 meV, respectively.
This is due to significant Fermi surface increase, as it can
be seen in Figs. 2(a), 2(d), and 2(g).
Furthermore, Fig. 5(a) shows temperature dependence
of plasmon linewidth due to EPC of undoped and
electron-doped WTe2. These results show an excellent
agreement with the Drude scattering rate extracted from
the experiment [24], suggesting that the dominant con-
tribution to the Drude scattering as well as plasmon
damping rates is due to coupling with phonons. Very
similar temperature dependence was obtained for bulk
WTe2 [25], where the thermal enhancement of the scat-
tering rate was attributed to electron scatterings within
Fermi liquid (i.e., electron-electron scattering). Here we
show, however, that the EPC might be more important
than electron-electron scatterings in WTe2.
For comparison, we also plot in Fig. 5(a) the plas-
mon linewidth as a function of temperature for a pro-
totypical plasmonic material, namely, electron-doped
graphene, when plasmon energy is ~ωpl = 100 meV (or-
ange) and ~ωpl > 200 meV (light orange) [51]. Com-
pared to graphene, the plasmon linewidth in WTe2
shows a much steeper increase with temperature, which
is because the phonons in WTe2 have energies up to
∼ 30 meV [see Fig. 1(d)] and are thus energetically avail-
able already around room temperature. On the other
hand, in graphene only the weakly coupled acoustic
phonons are thermally excitable at low temperatures,
while the strongly coupled optical phonons have ener-
gies between 160 meV, and 200 meV and thus cannot con-
tribute [38, 51]. For energies of ∼ 100 meV the plasmons
in graphene have a much smaller decay rate compared
to WTe2. However, for larger excitation energies (i.e.,
200 meV or more) when the strongly coupled phonons
are activated in graphene, the WTe2 plasmons are less
damped for certain temperatures. Moreover, Fig. 5(b)
displays how strain can modify significantly the plasmon
linewidth and its temperature dependence for 0.1 el/u.c.
For instance, at around room temperature, the plasmon
7linewidth is increased from 60 meV to 115 meV by chang-
ing strain from ε = −4% to +4%. As discussed earlier,
this increase is due to modifications of the Fermi surface,
which then changes the EPC strength.
Finally, we demonstrate how temperature can dras-
tically modify the plasmon energies in undoped WTe2,
and thus decrease the anisotropy and hyperbolic proper-
ties. The plasmon energy of 2D system can be calculated
as [52]:
ω2pl(q, ω) = 2piqµωIm
[
σintraµ (q, ω) + σ
inter
µ (q, ω)
]
. (5)
The temperature dependence of the plasmon energy
comes from the Fermi-Dirac distribution function that
enters the intraband and interband conductivities, i.e.,
σintraµ (q, ω) and σ
inter
µ (q, ω), but also from the EPC via
the 1/τph(ω) and λph(ω) functions. First, in Fig. 5(c)
we show the ratio between static (ω = 0) conductiv-
ities along the x and y directions, i.e., Reσx/Reσy,
as a function of temperature. Since one can also
write Reσx/Reσy = m
eff
y /m
eff
x , this also measures the
anisotropy of the effective masses along the two direc-
tions. The results demonstrate how the anisotropy can
be reduced with moderate heating. This is in agree-
ment with Refs. 24, 26. However, in these experiments
the overall anisotropy of meff at T = 10 K is smaller,
and the temperature-induced reduction of anisotropy is
greater. This discrepancy might come from the fact that
we simulate single layer WTe2, while in these experimen-
tal studies the authors investigate few-layer and bulk
WTe2 samples, where additional interband transitions
might be present. We note that we have introduced the
SOC here in order to slightly improve the agreement with
the experiments. In Figs. 5(d) and 5(e) we plot, respec-
tively, the plasmon energy peaks and optical absorption
spectra for q = 2 × 10−4 bohr−1 along the Γ−X and
Γ−Y directions as a function of temperature. When the
temperature increases the plasmon intensities along the
both axes are reduced, however, the intensity reduction
along the x axis is more considerable. This is again in
agreement with the experimental observations [24]. The
energies of plasmons along the two directions are also
modified with increasing temperature.
All in all, as temperature increases, the anisotropy of
plasmonic features along both in-plane axes is reduced.
Our theoretical analysis shows that this comes from the
temperature-induced modifications of the EPC as well
as of the electron distribution. This shows how the hy-
perbolic features in WTe2 can be tuned even with tem-
perature, which makes it a highly attractive and tunable
hyperbolic material.
IV. CONCLUSION
By applying first-principles theory we have demon-
strated that monolayer Td -WTe2 is a natural type hy-
perbolic material with low losses, where the hyperbolic
regime can be present from far- to near-infrared frequen-
cies. Moreover, the chemical doping and strain offer con-
venient methods to effectively tune the hyperbolicity in
WTe2. For instance, with a moderate strain, WTe2 can
even be switched between elliptic and hyperbolic regimes
at certain frequencies. Remarkable modifications of op-
tical response are a direct consequence of strain- and
doping-induced peculiar alterations of the Fermi surface
and interband threshold energy. We have also calculated
the electron-phonon coupling in WTe2, which can also be
tuned with doping and strain. Our analysis shows that
the temperature increase of the plasmon linewidth and
Drude scattering rate observed in the experiments can
be successfully explained in terms of electron-phonon in-
teraction. The latter is actually relatively small in WTe2
and, therefore, the phonon-induced plasmon decay rate
is smaller for certain energies and temperatures than the
decay rate of the plasmon in prototypical graphene. Fi-
nally, we have shown that a slight temperature increase
can alter the anisotropy of optical response along both
in-plane axes and change thus the hyperbolic regime.
The presented methodology is also expected to help
elucidate hyperbolic optical response in similar novel ma-
terials with strong anistropic in-plane electronic proper-
ties, such as Td -MoTe2 [53], TaIrTe4 [54], or black phos-
phorus analog SnSe [55].
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